PCR conditions: The ampli®cation reaction was performed in a 20 ll volume containing: 20 ng template genomic DNA (prepared from peripheral blood lymphocytes by standard protocols), 1´Taq buffer (10 mM Tris±HCl, pH 8.3, 1.5 mM MgCl 2 , and 0.001% gelatine), 150 lM each dATP, dGTP, dCTP and dTTP (Amersham, Little Chalfont, UK 1 ), 4 ng forward primer (5¢ end-labelled with [
Polymorphism detection: Genomic DNA from 10 animals of each four cattle breeds, N'Dama (Bos. taurus), Ongole (B. indicus), Boran (B. indicus) and Friesian (B. taurus) was ampli®ed using the primers described above. The PCR products were electrophoresed on a 6% polyacrylamide gel together with an M13 sequencing ladder. Three different alleles were observed in the samples with each microsatellite as shown in Table 1 .
Mendelian inheritance:
The three alleles of each microsatellite segregated in strict Mendelian fashion in two full-sibling N'Dama´Boran families comprising 31 and 38 individuals.
Cytogenetic mapping: The physical map of the BAC clone to the cattle chromosome was carried out using¯uorescent in situ hybridization (FISH). Figure 1 shows the G-banded metaphase, the corresponding hybridization metaphase and an ISCDNA standard of BTA23 indicating the exact position of the TNFA BAC. The position results from measuring 30 chromosomes. The FLcen (fragment length from the centromere) puts the signal to 65.13% of the chromosome measured from the centromere with standard deviation of 4.74%. Thus, the exact position is BTA23q21±22. The in situ hybridization of the BAC clone was carried out as described earlier 3 . ). For ampli®-cation of the porcine fragment of the FMR1 (fragile X mental retardation 1) gene (~1.4 kb) the pair of primers was constructed on the basis of the complete sequence of the human FMR1 gene (accession number L29074) 7 . The amplimer encompassed parts of exons 5 and 7 as well as all exon 6 and introns 5 and 6. The PCR products of expected length were observed on agarose gels and their identities were con®rmed by partial terminal sequencing. PCR conditions: Polymerase chain reaction was performed in 25 ll reactions using 50 ng porcine genomic DNA, standard PCR buffer, 200 lM each dNTP, 10 pmol each primer, 0.5 U Taq polymerase and appropriate concentration of MgCl 2 for each amplimer (2.5, 1.5, 1.0 and 2.0 mM for OTC, SERPINA7, SLC25A5 and FMR1, respectively). After an initial 95°C denaturation step (2 min) the PCR was carried out at 95°C (30 s), 59°C for OTC, 57°C for SERPINA7, 50°C for SLC25A5 and 52°C for FMR1 (30 s), 72°C (2 min for OTC and SERPINA7, 1.5 min for SLC25A5 and FMR1), for 35 cycles with the last extension 7 min.
Polymorphism: Biallelic PCR±RFLPs within the OTC, SERPINA7, SLC25 and FMR1 genes were detected with Eco88I (AvaI prototype, MBI Fermentas, Lithuania), HinfI, AluI and FokI, Figure 1 Agarose gels showing PCR±RFLPs within the porcine amplimers of OTC, SERPINA7, SLC25A5 and FMR1 genes digested with Eco88I (prototype AvaI, MBI Fermentas, Lithuania), HinfI, AluI and FokI, respectively. A(A), AB, B(B) stands for genotypes. Brackets mean that the pattern can represent either homozygote (females) or hemizygote (males). L1 ± 100 bp DNA Ladder Plus (3000, 2000, 1500, 1200, 1031, 900, 800, 700, 600, 500, 400, 300, 200, 100 bp), L2 ± Lambda DNA/HindIII marker (23130, 9416, 6557, 4316, 2322, 2027, 564 bp), L3 ± 100 bp DNA Ladder (1031, 900, 800, 700, 600, 500, 400, 300, 200, 100, 80 bp). respectively (Fig. 1) . For all genes studied absence of the polymorphic restriction site was assigned allele A while the restriction site was present for allele B.
Mendelian inheritance/allele frequencies: Codominant Mendelian inheritance was con®rmed for all four loci in USDA-MARC backcross pedigree 8 . Allele frequencies of OTC, SERPINA7, SLC25A5 and FMR1 genes in unrelated animals of seven pig breeds are given in Table 1 .
Linkage mapping: Multipoint linkage analysis was performed in USDA-MARC backcross pedigree using CRI-MAP software package, version 2.4 9 . Gene location on the USDA-MARC linkage map 10 of SSCX follows ( Fig. 2 ): OTC at position 44 cM, ®nal order SW2126 ± 8.4 cM ± OTC ± 2.3 cM ± SW2470; SERPINA7 at position 76 cM, ®nal order SW1346 ± 1.2 cM ± SERPINA7 ± 2.3 cM ± SW2476; SLC25A5 at position 90 cM, ®nal order SW1943 ± 3.0 cM ± SLC25A5 ± 8.0 cM ± S0511; and FMR1 at position 124 cM, ®nal order SW2059 ± 5.0 cM ± FMR1 ± 4.0 cM ± SW2588. Although the genes mapped to chromosome X are the same in such distinct species as human and mouse, the relative orders of gene homologs are frequently changed by interstitial inversions. At least six homology segments rearranged by inversions have been found between human and mouse X chromosomes, while human and feline gene order are identical 20 . Even after the addition of four genes to the porcine linkage map there is no evidence of rearrangements in gene order between porcine and human X chromosomes. Of the newly mapped genes only SERPINA7 can be considered a putative comparative positional candidate gene as it maps to the near proximity of QTL for fatness 21, 22 . Source/description: Sarcolipin (SLN) is a 31-amino acid proteolipid that regulates the activity of SERCA1 (ATP2A1), a fasttwitch skeletal muscle sarcoplasmic reticulum Ca 2+ -ATPase 1 . A 324 bp expressed sequence tag was isolated from a porcine skeletal muscle cDNA library (EMBL accession number Z98820) 2 . BLASTN 3 analysis showed the highest homologies with rabbit (U96091) 4 and human (U96093) 5 SLN gene sequences (E-values 1e-32 + 4e-11 and 5e-20 + 4e-11, respectively). The porcine sequence included eight nucleotides of the 5¢-untranslated region, the complete coding sequence (CDS) (96 nucleotides) and 220 bp of the 3¢-untranslated region (3¢-UTR). The PCR primers were designed using Oligo version 5.0 (MedProbe, Oslo, Norway) to give a 218 bp ampli®cation product. Primer forward was placed in the CDS while primer reverse was designed in the 3¢-UTR.
Primer sequences: Forward: 5¢-ATA TGG CTT CTC GTG AGG TC-3¢ Reverse: 5¢-TTG AGA GCA GCA TCG TTA GA-3¢.
PCR conditions, SSCP, sequencing and PCR±RFLP analysis: PCR was performed in a total volume of 20 ll using 100 ng porcine genomic DNA, 10 pmol each primer, 250 lM each dNTP, 1.5 mM MgCl 2 and 1 U Taq polymerase (Sigma Aldrich, St Louis, MO, USA). Ampli®cation was carried out using a 9600 PerkinElmer DNA Thermal Cycler. After an initial denaturation step of 5 min at 95°C, 35 cycles were performed as follows: 30 s at 95°C, 30 s at 57°C and 30 s at 72°C. A ®nal extension step at 72°C for 5 min followed the PCR cycles. Aliquots (3±5 ll) of each PCR were added to 18 ll denaturing sample buffer (95% formamide, 20 mM EDTA, 0.05% bromophenol blue). Samples were boiled for 15 min, chilled on ice and loaded on 10% polyacrylamide/bis-acrylamide 39 : 1, 10% glycerol, 0.5X TBE gels. Electrophoresis was at 30 Watts for 6±8 h at 20°C on a D-Code Universal Mutation Detection System (Bio-Rad Laboratories, Hercules, CA, USA), in 0.5X TBE. Single strand DNA was revealed by silver staining. The PCR fragment from two homozygous 1/1 and two homozygous 2/2 pigs was cloned using the TA cloning kit (Invitrogen, Carlsbad, CA, USA) and recombinant plasmids were sequenced on both strands with [a 35 S]-dATP using the Cycle sequencing kit (Perkin-Elmer, Roche Molecular Systems, Branehburg, NJ, USA) and the universal M13 reverse and T7 primers. A ®ve ll of each PCR were digested with 5 U of TaqI at 65°C for 3 h in a volume of 25 ll. Digestion products were electrophoresed on 10% polyacrylamide gels and stained with ethidium bromide.
Polymorphism, Mendelian inheritance and allele frequencies: Two alleles were identi®ed by SSCP analysis in the 218 bp fragment of the porcine SLN gene. Mendelian segregation was con®rmed in three-generation families of the PiGMaP Consortium 6 . Sequencing of the two alleles revealed a single nucleotide polymorphism in the 3¢-UTR portion of the 218 bp fragment. Allele 1 carried A while allele 2 presented G in position 164 of the ampli®ed product. In allele 2, G creates an additional TaqI restriction site. Thus, after TaqI digestion of the 218 bp amplimer, allele 1 (A) showed a pattern with two fragments (185 + 33 bp) and allele 2 (G) showed a pattern with three fragments (162 + 33 + 23 bp) (Fig. 1) . Allele frequencies were studied in a sample of 161 unrelated pigs from seven different breeds (Table 1) .
Linkage mapping: The DNA samples belonging to six threegeneration families of the PiGMaP Consortium were genotyped at the SLN locus obtaining 98 informative meiosis. Twopoint and multipoint procedures of the CRI-MAP package version 2.4 7 were performed by merging the SLN genotypes with the PiGMaP Consortium ResPig database (http://www.resSpecies.org) 6 . Twopoint sex-speci®c analysis revealed association of SLN with the following loci already identi®ed on porcine chromosome 9 6, 8 : APOA1 (hf 0.22, hm 0.09, LOD 8.70); CRYAB (hf 0.14, hm 0.00, LOD 6.88); S0024
